Based on the sensitivity analysis at annual, monthly and daily scales, a multi-step optimization scheme is designed to optimize parameters in Xinanjiang model with the help of SCEM-UA algorithm. In this scheme, parameters are classified into three groups and optimized group by group at different time scale. In this paper, the attention is focused on the parameters for data adjustment, Cp and Cep, which are optimized in the first step. Instead of optimizing Cp and Cep directly in two dimensional spaces, the concept of aridity index (the ratio of annual potential evaporation to precipitation) is introduced into the optimization process, and proposed a relationship describing Cp and Cep as a function of annual runoff coefficient and pan aridity index (the ratio of annual pan evaporation to precipitation). In this way, the feasible parameter space is narrowed and efficiency of sample points which generated for optimization in SCEM-UA algorithm is improved. In addition, it provides a simplified and quick way to get acceptable values of Cp and Cep when the request of precision is not so strict.
INTRODUCTION
The Xinanjiang model developed by Zhao et al. 1) has been widely applied in humid and semi-humid regions of China and many countries. The main feature of the Xinanjiang model is the concept of runoff formation on repletion of storage, which means that runoff is not produced until the soil moisture content of the aeration zone reaches the field capacity, and thereafter runoff equals the rain fall excess without further loss. The generated runoff was separated into three components: surface runoff, interflow and groundwater runoff. At last, the local runoff was transferred to the outflow in the outlet of basin. The inputs to Xinanjiang model are areal mean rainfall and measured pan evaporation, while the outputs are the discharge from the whole basin and the actual evaporation from three soil layers.
Considering adjustment for input data, there are 15 parameters in the Xinanjiang model ( Table 1) . Finding appropriate parameter values becomes an important work before model calculation. The SCEM-UA (Shuffled Complex Evolution Metropolis) algorithm 2, 3, 4) has been found to be more efficient and effective for model calibration than a variety of popular methods such as Simplex method, Genetic Algorithm, and so on 5, 6, 7) . However, there are still some problems to use SCEM-UA algorithm for parameter optimization of Xinanjiang model. The difficulties are mainly caused by two factors: the large number of parameters needing to be calibrated, and the complex relationship and interaction among parameters.
A solution to these problems is trying to reduce the dimension of optimization. Lu et al. 8) investigated the sensitivity of parameters in Xinanjiang model at different time scales. The total 15 parameters could be divided into three groups ( Table 1) :
• Group 1: parameters for data adjustment, which are sensitive at annual scale.
• Group 2: parameters controlling runoff component separation and routing, which are sensitive at daily scale.
• Group 3: parameters controlling runoff generation, which are sensitive at annual scale when parameters in Group 1 are set constants.
Based on the sensitivity analysis, a multi-step optimization scheme is designed Li et al. 9) as follows and illustrated in Fig.1 :
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In this paper, the attention is concentrated on the parameters optimized in step 1, namely Cp and Cep. Instead of generating sample values of these two parameters independently, the concept of aridity index is introduced into the optimization scheme to improve the optimization process. 
MODIFICATION OF OPTIMIZATION PRO-CESS FOR Cp AND Cep
In the original version of multi-step optimization scheme, Cp and Cep were optimized in their own parameter spaces directly by SCEM-UA algorithm and evaluated by comparing the calculated runoff with reference data. The SCEM-UA algorithm generates series of sample points randomly in the feasible parameter space and evolve them to search the optimum point. The Gelman and Rubin 10) scale reduction factor of less than 1.2 is used to declare convergence. The optimization process will stop when convergence criteria are satisfied. Otherwise, the process will stop until the maximum number of iterations (500000) is exceeded. The function applied to generate sample points could be described as
The original version of multi-step optimization scheme did not consider the relationship between Cp and Cep. However, they have strong interaction with each other. Physically, increase of Cp will increase annual discharge, while increase of Cep indicates the increase of potential evaporation which will bring on decrease of annual discharge. The effect caused by increase of Cp will be partly canceled by increasing Cep. Therefore, if we could found an appropriate relationship function between Cp and Cep, a part of sample points are not effective will be abandoned before optimization.
For a given basin, the annual water balance equation can be written as
where P and E are basin wide areal mean rainfall and actual evaporation, and R is the annual runoff depth.
Considering data adjustment,
where E p is annual potential evaporation, E pan is annual pan evaporation, P g is areal rainfall calculated from ground based rain gauge, C p and C ep are parameters to obtain areal I_212 mean rainfall and potential evaporation.
Budyko 11) defined the ratio of annual potential evaporation to precipitation as the aridity index , which could be expressed as
By introducing the aridity index to equation 3, it becomes
There have been a number of studies that shown to describe the evaporation ratio (the ratio of annual evaporation to precipitation) as a function of aridity index. Turc 12) proposed a relationship which expressed evaporation ratio as a function of aridity index and Pike 13) modified this function in the form
therefore
By substituting into equation 5, we get
There are four variables in equation 8: R/P g (runoff coefficient), ζ g,pan (abiding by Budyko's definition, it is defined as pan aridity index in this paper), Cp and Cep. For a given basin, annual rainfall, runoff and pan evaporation data are easy to obtain from observation. Thus the values of R/P g and ζ g,pan could be estimated from these data. In this condition, once either of Cp and Cep is determined, the rest variable could be solved quickly.
When the aridity index is introduced into the optimization scheme, by using equation 8, Cp and Cep are contacted as function of R/P g and ζ g,pan . Therefore the generation function could be rewritten as
In actual practice, according to the characteristic of basin and data condition, the runoff coefficient and pan aridity index could be set as constant or given a range based on statistic values of observation. The original optimization scheme is modified to 2D optimization (ζ g,pan is given, while R/P g is set changing within a range) or 1D optimization (both ζ g,pan and R/P g are given). It is clear that even though the measurement instruments are very sensitive and precision, the observed error could not be avoided completely. In order to reduce the impact of measurement errors, a series of 'perfect' runoff data was used as reference data instead of the observed runoff. This perfect data is generated from input data by Xinanjiang model directly with a given set of parameters (here Cp=1.1, Cep=0.85). Fig.2 shows the relationship of annual aridity index (E p /P) and evaporation ratio (E/P) in study basin. The curve predicted by equation 6 behaves a good fit to measurement points, which demonstrates the feasibility of introducing aridity index into optimization by using equation 8.
The statistics of annual runoff coefficient and pan aridity index in study are summarized in Table 2 , which will be used for modified optimization process. Because there are multiple parameter sets in the parameter space that have quit similar performance, the optimum values of Cp and Cep obtained from optimization will be affected by the given values of other parameters. To reduce this interaction, the optimization process is carried out iteratively. The latter optimization iteration will start from the values that optimized by the previous one. And the first iteration used a commonly set of parameters as initial to start the optimization process. (Fig.3) . (2) Case 2
In modified optimization scheme, the sample value of Cp was generated randomly form its parameter space in the same way as it did in un-modified process While the value of Cep is calculated by equation (7). Based on the annual statistics of study basin in Table 2 , the range of runoff coefficient is set from 0.65 to 0.85, which is a little wider than statistical observed values in order to ensure that all the conceivable change of runoff coefficient are contained. The value of pan aridity index is set to be constant using the mean value of annual . After this, the generation function could be expressed as
Excepting the change of generation function of Cp and Cep, the whole optimization process is carried out as describing in Case 1. Table 4 also lists optimum values of four iterations. From Fig.4 , it could be seen clearly the change of optimum values of Cp and Cep shows the similar trend in Case 1, namely, adjusting with the change of other parameters obtained from the previous optimization iteration, and approached to the true values gradually. Fig.3 and Fig.4 give us some interesting ideas. It seems that the optimum values of Cp and Cep are moving along a potential curve which maybe parallel, or have the similar expression with the average R/P g curve of equation 8.
To validate this suppose, the values of R/P g in each case are calculated using the optimum sets of Cp and Cep and Table 5 . It could be seen that the calculated R/P g curves are showing a tendency to approach the curve which the true value set of Cp & Cep exists in along with iteration. If the precision of optimum values is not required very strict, the iteration process could be regard as carrying out along the same curve. Therefore, only the parameter sets existing on the curve need to be considered for optimization. The right curve is unpractical, but the curve calculated by the mean value of annual runoff coefficient is easily to obtain. From Table 2 , the mean values of R/P g and ζ g,pan are 0.7799 and 0.3906 respectively. Therefore the generation function is expressed as
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The optimization results are shown in Table 6 . The optimum set moved along the curve quickly close to the point of true values. It could be estimated that the best optimum set will be the point which locates in intersection with vertical line across the true point (Fig.5) . 
DISCUSSION AND CONCLUSION
From case studies, we could see the effect of aridity index on reducing the potential ranges of Cp and Cep. As describing in Fig.6 , the initial optimization generates sample points in the whole parameter space to search optimum values ( Fig.6(a) ).
But actually, part of these sample points are not effective and will be abandoned. When the aridity index is introduced into the optimization scheme, the values of Cp and Cep are limited in the area confirmed by annual runoff coefficient and pan aridity index (Fig.6(b) ). In this way, the efficiency of sample points is improved.
In actual practice, it also provides a simplified and quick way to get acceptable values of Cp and Cep when the request of precision is not so strict. The change of Cp and Cep is assumed to move along the curve calculated by the average value of annual runoff coefficient and pan aridity index (Fig.6(c) ). In some conditions such as runoff prediction, the requirement of time will take priority over searching the optimum parameters. Model calibration should be done within a short time. If we could get the value of Cp from reference or experience, the value of Cep will be calculated directly by the curve without optimization. Although in this way only could the approximation of Cp and Cep could be obtained, it will save much time and works. (Received September 30, 2012)
